Thrombotic microangiopathy (TMA) is characterized by microscopic angiopathic haemolytic anaemia, thrombocytopenia and organ injury. Supportive therapies include the use of blood products. Recently the terminal complement inhibitor eculizumab has been approved in atypical haemolytic uraemic syndrome (aHUS) in some countries. We report the case of a 23-year-old female Jehovah's Witness presenting with vaginal haemorrhage from thrombocytopaenia, severe anaemia (nadir Hb 28 g/L) and anuric acute kidney injury with TMA secondary to aHUS. Despite a life threatening illness, the patient declined the use of blood components and plasma exchange. Eculizumab was administered early with subsequent improvement and resolution of haemolysis, return to baseline renal function whilst avoiding use of blood products. This case demonstrates the effective use of eculizumab for life saving therapy in a patient refusing blood products. It highlights the importance of accessibility for high cost therapies, but the disparity in access between healthcare systems.
INTRODUCTION
Atypical haemolytic uraemic syndrome, a cause of thrombotic microangiopathy (TMA), is associated with significant morbidity [1] and mortality [2] . Therapeutic options for atypical haemolytic uraemic syndrome (aHUS) have increased in recent years to include the terminal complement inhibitor eculizumab. Early treatment has reduced sequelae and improved outcome by limiting a secondary endothelial cascade thereby hopefully reducing the burden of co-morbidities associated with aHUS [3, 4] . Eculizumab is approved for therapy in a number of countries (including the UK) as standard care for diagnosed cases of aHUS [5] . Diagnostic uncertainty in the initial presentation of TMA can delay the delivery of this therapy. Diagnostic criteria for aHUS rely on exclusion of other causes of TMA based on investigations and extra-renal manifestations. UK guidelines recommend the availability of normal level results for the ADAMTS13 assay before commencing treatment [6] . Avoidance of blood products is required by specific patients and thus access to alternative therapies can be life saving.
CASE REPORT Presentation
A 23-year-old female Australian citizen, with permanent Canadian residency, visited the UK on holiday and presented to the Emergency Department (ED, Day 1) with a seven-day history of non-bloody diarrhoea and vomiting. The patient had no previous medical history or significant family history. She was clinically stable with an unremarkable clinical examination and was discharged with a diagnosis of viral gastroenteritis. Near patient testing indicated a haemoglobin of 127 g/L (normal female range: 115-165 g/L), but neither formal laboratory bloods nor stool culture were obtained.
On Day 3, she re-presented to the ED with heavy vaginal bleeding and lower abdominal pain. Her diarrhoea and vomiting had resolved and there were no other signs on examination. Near patient testing indicated a drop in haemoglobin to 79 g/L and she was transferred to the Gynaecology team for further investigation. Initial treatment included norethisterone, tranexamic acid and ferrous sulphate. During this time, discussions with the patient regarding potential therapies took place. She informed medical staff she was a Jehovah's Witness and had made an advanced medical directive that clearly stated, 'I direct that no blood transfusions (whole blood, red cells, white cells, platelets or blood plasma) be given to me under any circumstances, even if deemed necessary to preserve my life or health'. The advanced directive was attached to her medical notes and all future discussions regarding the patient's refusal of all blood products were clearly documented. Therapies including high dose erythropoietin stimulating agents (ESAs) injections and intravenous iron were discussed and commenced.
At this stage, it was difficult to distinguish between diarrhoea associated HUS and aHUS (which can present with diarrhoea in 30% of cases) [7] . Plasma exchange was discussed, and declined by the patient and she was transferred to the critical care unit (CCU) on Day 4 with rapid deterioration on blood parameters and the imminent need for renal replacement therapy (RRT).
A TMA screen was sent, including complement 3 and 4, total complement activity (CH50), complement genetics, anti-factor H autoantibody, and ADAMTS13, as well as antibodies for renal specific immune mediated disease (which were subsequently within normal range, Table 1 footnote). Stool cultures were negative for Escherichia coli O157 endotoxin antibodies and polymerase chain reaction for verotoxin Escherichia coli. Meanwhile urgent discussions took place with the UK national aHUS on-call service (which controls UK national funding for eculizumab) [8] . Given the clinical situation and refusal of blood products, the decision was made to proceed with administration of eculizumab (dose 900 mg, given Day 5) without waiting for ADAMTS13 activity. This was accompanied by vaccination for meningococcal disease and a prophylactic course of ciprofloxacin. Further decrement in haemoglobin ( Fig. 1 ) precipitated more discussions regarding blood products, including an assessment of mental capacity. The patient stated that 'if I lost consciousness I would not wish to receive any blood products even if it was life threatening', which her family members supported. The patient deteriorated neurologically and a decision was made to intubate and ventilate the patient (Day 7) due to confusion. The nadir haemoglobin was on Day 8 (28 g/L). The patient remained intubated and on RRT.
The patient continued to receive darbepoetin (total cumulative dose 600 micrograms) and iron sucrose (total cumulative dose 1200 mg) treatment. The patient was extubated on Day 13 with no neurological deficit. RRT was discontinued on Day 14 and the second dose of eculizumab (900 mg) was administered. On discharge from critical care (Day 18), her haemoglobin was 59 g/L, platelets 202 × 10 9 /L and creatinine 145 μmol/L, with reduction in markers of haemolysis. A third dose of eculizumab (900 mg) was given on Day 23. The fourth dose of eculizumab (900 mg) was given on Day 31 when discharged with normal range creatinine 78 μmol/L and a haemoglobin of 111 g/L and platelet count of 302 × 10 9 /L (Fig. 1) . Follow up was organized with a haematologist in Canada, her country of residence, to explore options to secure funding for further eculizumab treatment.
DISCUSSION
Whilst the treatment of aHUS with eculizumab has been established as best practice, typical treatment of early, potentially life threatening haematological complications uses supportive therapies with blood products whilst awaiting confirmatory tests [5, [9] [10] [11] . The acute management of this patient was challenging due to religious beliefs preventing the use of blood products and, due to the high clinical suspicion of aHUS resulted in early administration of eculizumab prior to diagnostic test results (centrally authorized by UK national aHUS group). Management of on-going acute haemolysis poses a significant and unique challenge to the maintenance of significant circulating red cell population in individuals who decline blood products. Various therapies have been used as alternatives for blood related products [12] including albumin and vincristine for thrombotic thrombocytopenic purpura [13, 14] ; however, this is the first reported case of eculizumab administration in such a scenario.
The successful outcome was attained due to prompt recognition of TMA and early discussion regarding eculizumab use. Whilst the clinical decision to use eculizumab was taken based on risk to the patient's life, without confirmation of ADAMTS13 levels, the use of eculizumab had significant costing (four treatments cost GBP 37 800 [15] , approximately US $55 500). Its use as an alternative to supportive therapies, which may otherwise have been adequate for treatment, is entirely appropriate based on an individual's personal beliefs. However on a population basis, this poses key financial and thus ethical considerations. Whilst the principles of utilitarianism and beneficence could be argued as reasons for avoiding high cost therapies, the role of non-maleficence both for the individual patient's personal rights and the damage to the wider trust in the medical profession is an important consideration in not overruling individual patient's viewpoints. As Macklin describes 'Moreover, because physicians owe stronger obligations to their patients than to other parties who may be affected (the patient's family or the community), it is ethically preferable to give priority to the patient's own assessment of the good and bad consequences of refusing of blood.' [16] While this supports individualized medicine, other valid ethical models are available. The optimal duration of eculizumab treatment in the setting of aHUS is unclear [17] and the current license is for lifetime use once treatment is commenced however there is no consensus on withdrawal of eculizumab. Whilst no inherited and acquired complement abnormalities were identified, possibly putting the patient in a lower risk group of disease recurrence, only 70% of patients have a genetic abnormalities identified, leaving 30% with an unknown abnormality [18] .
Following the inpatient episode, her insurance company was keen to repatriate her to Canada, but liaison with a haematologist in Canada for on-going care revealed that eculizumab was not currently approved for therapy in aHUS. Conversely, if she was to return to Australia (country of birth), the use of eculizumab had only been approved for aHUS on 1st Dec 2014, approximately one month after her initial presentation to hospital. Disparities between countries for licensing of eculizumab and other expensive medications for rare diseases are typically not known by clinicians, let alone patients and had this illness presented whilst in Canada, the outcome would have been unclear.
In summary, this case highlights the successful treatment of aHUS with the early administration of eculizumab in a patient who declined blood products due to religious beliefs. It highlights disparities for high cost medications within industrialized nations and potential health economic issues for patients declining 'standard' care regardless of reason.
TMA SCREEN RESULTS
No known pathogenic DNA mutations were identified in 'C3', 'CFB', 'CFH', 'CFI' or 'CD46'.
ADAMTS13 activity (Fret substrate) was normal-104%. Alternate and Classical pathway complement function was both normal.
Anti-H antibodies not detected. Complement Factor H level was 441 mg/L (normal range: 345-590). Complement C3 levels 0.96 g/L (normal range: 0.75-1.75) and C4 0.17 g/L (normal range: 0.14-0.54).
Anti-Cardiolipin antibodies IgG and IgM negative (<15 GPL U/ml and <13 MPL U/ml respectively). Antinuclear antibodies positive 1:40 but double stranded DNA antibodies negative (<20 kU/L, normal range: 0-75). Anti-B2GP1 abs 6 EU/ml (normal range: 0-20).
ENA ab's negative (ENA screen assay includes: Sm, RNP, SSA, SSB, Jo-1 and Scl-70 antigens).
